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POLYSOAPS 



PTEIJ> OF THE INVENTION 

This invention relates to novel carbohydrato polymers 
with hydrophobic and hydrophilic side-groups suitable for 
solubilising, for example, hydrophobic drugs. The chain 
length of the carbohydrate polymeric backbone, and the type 
and number of the hydrophobic and hydrophilic side-groups 
are specifically chosen to .improve the . solubility 
properties of the carbohydrate polymers. 

BACKGROUND OF THE INVENTION 

Soluble polymers bearing pendant amphiphilic or 
hydrophobic groups, commonly known as polysoaps, have been 
studied for a number of years and numerous applications 
proposed' based on exploiting their solubilisation capacity 
for hydrophobic molecules '* These compounds form 

intramolecular micelles'- \ usually several per molecule", 
and their solubilization capacity is not lost on dilution' 
unlike small molecular weight micelles', making them" 



especially useful as ac.lubi Users. Although these 

molecules are well known they have nor. been exploited to 
any great extent as pharmaceutical solubil Isers . 

Hydrophobic fir hum *re those drugs, which .are. 



practically insoluble in water. The definition of 
"practically insoluble" used by the British Pharmacopoeia 
is used here and is doiined as a situation where Ig of such 
material requires more l.han 10, 000 milli.l.itres of solvent 
(e.g. water) to be so I iibill sed" or alternatively a materia] 
which has a solubility ot less than p.lmg mL" ! in water.. 

A few pharmaceutical solubilisers have been reported 
using hydrbphobiudll y and hydrophil Vcally modified 
chitosans,' .' namely: N-acyl 6-sulphated chitosans'", 
quaternary ammonium palmitoyl glycol chitosan". and alkylated 
poly (L-)ysine cir.ramide) •', although the effects of 

-depolymer.isa.tion _o_t ..j;he carbohydrate backbone was_ not 

explored in- the work done on these carbohydrates"- ". 
However, two differenr molecular weights of N-lauroyl 6- 
carboxymethyl chitosan, with one molecular weight class 
being investigated at. two different levels of lauroyl and 
oarboxyme'thyl subsr.i tui i on, have been reported by Miwa and 
others" as "mi cellar" carriers of the hydrophobic drug 
pacJitaxel. The pciclit.jxe! formulation described by these 
workers however is prepared by the probe s'onication of N- 
lauroyl 6-carboxyinethy 1 chitosan and pacliiaxel in a-10%v/v 
c-t-h-an?] «>0"«-<vsn" Tha removal - of ethanol by dialysis w as 
attempted but not confirmed by these workers and final N- 
lauroyD 6-carboxymei hyl chitosan - paclitaxel formulations 
were described as "turbid" with particle size ranges of 



between 30 and 3_0Onm and a mean particle size of between 32 
and 82nm. In contrast, the invention disclosed herein 
relates to the attributes of a solubilisinq polymer which 
produces optically c l *ar- solut J ons (devoid of appreciable 
light scattering) when hydrophobic drugs are added to an 
aqueous phase (devoid of organic solvents) in Che presence 
of the solubilisinq polymer. Miwa and others on the other 
hand report that the prceursorto N-lauroyl 6-carboxymethyl 
chitosan which contains no hydrophobic chain 
carboxymethyl chit in " yielded a clear solution and the 
scattering phenomena detected in the; case of micellar 
sol ution were not observed j n _ the parboxymethyl chit in _ 
solution" 11 . The present invention thus differs Irom that 
reported by Miwa and others" in that an aqueous optically 
clear solution is prepared from the polymer and appropriate 
concentrations of poorly soluble drugs. Organic solvents 
are also not required in the preparation of the present 
solutions. 

Hydrophob.ically modified chitosans soluble in dilute 
acid solutions hnve.^l*© been reported"'' ,l . Other 
hydrophobically modified carbohydrates have been reported 
_Uo y-j^tH particulate- ' dispersions in a queou s ■ media as 
opposed to water soluble materials" - namely palmitoyl 
glycol chitosan 11 ' -\ deoxycholic acid modified chitosan"" 17 
and cholesterol beating pullulans"" l " or alternatively 
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aqueous insoluble y«l -like, materials - '. 

While the advanraqeous influence ot depolymerisation, 
controlled hydrophilic substitution, and controlled 
' hydrophobic substitution ot carbohydrates on the production 
of an optically clear solution with hydrophobic drugs has 
not previously been Scribed, teporr.s on the individual 
• .influences of ' depoiymerisatlon, hydrophobic substitution ' 
and hydrophilic substitution on. polymer behaviour can be 
£ound in the literature. There is an- indirect, relationship 
between the length ot hydrophobic pendant groups and water 
solubility in the case of hydrophobised starches-' and 

hydrophobised ethyl..^^ 

a direct influence on the degree of polymer aggregation 
.when in solution in r.ho case of amphiphi lie chitosans" and 
dextfans'-' as well ,.a on the soiubilisinq properties of 
hydrophobically modified chitosans". • The degree of 
. hydrophobic substitution has also been reported to have an 
indirect influence on r.he aqueous solubility of starch 
derivatives- and' directs the flow properties of 
. hydroxypropyl guar qums. 

The balance ot - hydrophobic . and hydrophilic 



polymer ' properties. An . increase in -hydrophobic 

substitution trom 20 substituents in every 100 monomers to 
90 substituenrs in -every 1 00- monomers wi th an associated 



.decrease in the level at carboxymethyl substituents. from 
200 substituents in ovo.ry 100 monomers to 140 substituents 
in every 100 monomers decreased the association of 
paclitaxel' with the. N-Uiuroyl' ^-carboxymethyl chitosan 
r. colloids 81 , indicating l hat a more hydrophobic polymer 

promoted association ot paclitaxel with the chitosan based 
colloid. The balance between the level of hydrophobic and 
hydrophilic modi! 1 nation also affected the flow properties 
of amphiphilic hydroxyethy lcelluloses" and an optimum 
,„ ' hydrophobic modification level for amphiphilic chitosans 
has been idenr.ii.ied when these materials are used to 

prevent wool shrinkage du r 1 ng washing 5 "'. 

With regard to amphiphilic polymer molecular weight 
alone this has been shown Lo have an indirect effect on the 
,.. emulsifying activity »i hydrophobised starches'" and an 

optimum molecular weight has been identified for 
amphiphilic chitosans bearing deoxyoholic acid pendant 
groups in the contoxi ot DNA - chitosan nanoparticles 
fabricated for gene delivery". -Also the molecular weight 
an of hydrophobised (Cei-acyl) dextrans influenced the phase 

separation pf these sysrems with the high molecular weight 
m ateri al bei ng more likely to phase separat e" . Th e 
" molecular weight oi hydrophobic 'hydroxypropyl guar ' gums'" 
was found to influence iheir flow properties. However, the 
molecular weight o£ N-laucoyl 6-carboxymethyl chitosan 



polymers did nol affect their ability to' encapsulate 
paclitaxel within the chitosan based colloid". 

Returning to i lv> work of 'Zhang and others on acyl 
dextrans*', the main purpose of this work was to "prepare .a 
family of polymer piiirs in which the compatibility In 
aqueous solution could be .varied in subtle ways" with a 
view to applying I he results, to - the development of 
adhesives. ' The . authors . conclude that the tendency for 
dextran and hydrophobic 1 1 y modified dext-ran to phase 
separate increases with molecular weight, degree of 
hydrophobic substitution and hydrophobic chain length'' 1 . It 
should be noted that" Xhang and others* * did not explore the 
effect of molteculur weight on the phase separation of 
hydrophobically and hydrophilically modified dextrans. 

It is an obieci: . o£ embodiments of the present 
invention to' obviate or mitigate at least one or more of 
the aforementioned problems. 

It is a further object of embodiments of the present 
invention to provide a poLymerfor solubilisi ng hydrophobic 
materials such as drugs. 

gTTV TMARY OF THE I NVENTION , 

According to a tirsr. aspect of the present invention 
there is provided a yolubilising carbohydrate polymer of 
average molecular weiqhc ot about 2 - 30 kD according to 



the following formula: 




m 




CHjOR 0 




wherein m is 0.01* to 10.00%; 

n is O.OU to 99.98$; 

.. . p--i s 0 .0.0* -to- 99.-98 &; - 

X is any linear or branched, substituted or 
unsubstituted, or c-yrlo form of an alkyl, alkenyl, alkynyl, 
aryl, amine, amide, alcohol or acyl group; 

R', R", R " arc independently any l inear' or branched, 
substituted or unsubstituted, or eyclo form of an alkyl, 
alkenyl, alkynyl, aryl, amine, amide, alcohol, acyl group, 
any sugar subs t i cur. en l or oligo polyoma C, - C, alkyl eno 
units; and 

• - r,, R.and R, are independently any linear or branched,- 
— suftsxixuT:ed-o-r--a n su bm:-i-T-t->t^d-,— or— G-y el o-Xoxms— a f_an.y al k_y.l./ 
alkenyl, alkynyl, aryl or acyl group. 

It, is understood thai m + n t p will be equal to 100%. 
It should also be understood that m, n and p may form any 
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arrangement in the uolubilisinq carbohydrate polymer. The 
arrangement of the m, n rind p units may therefore be random 
or in a block oopoi ymer form such as mnpmnpmnp etc. This 
is identified in ih* structure shown above by the dashed 
line between the di Liferent monomer units. 

The carbohydral* polymer may. be positively charged 
with a counter ion. ' The counter ion may be represented by 
any negative ion. Typically the counter, ion may be ions of 
any of the following: chloride, iodide, acetate and 
glucoronide. 

If the monomer unit identified by n is uncharged (i.e. 
the. _hyd.rophi lie _ side group _ is uncharged) ^ then the 
carbohydrate polymer may be uncharged and there will 
therefore be no counr.er ion. 

Typically, X nwjy be selected from any of the following 
linear or branched, .substituted or unsubstituted, or cyclo 
groups: C,-C-, ; ,; C v -C.^; or C,.-.C|,, . 

The X group may be selected from any of the following: 
any type of fatty acid derivative of, for example, stearic 
acid, oleic acid, paLmiiio acid; N-hydroxysuccinimide acid 
and any other acr.ivai.ed acy'J compounds; and anhydrides. . 

' in particul ar, X may be C H r (CH,) M C0NH, or _CH , (C H-,). ,„NH ■ 

R,, R., and K, may independently be any linear or 
branched, substituted or unsubstituted, or cyclo form of 
the following aikyi, alkonyl, alkynyl, aryl or acyl groups: 



"Typically, R-., K . ..nd R, may be C, - c 4 ' linear alkyl 

groups. . • 

.Conveniently. .».L1 of R ; , R : /and R, may be CH,.' 
" on some monomers I he C2 nitrogen may not be fully 
.substituted, and may be present as a secondary' or tertiary 



. JO 



amine. 

R', r" and R*" may independently be any linear or 
branched, subsritutod or unsubstiuuted, or cycle form of 
the following alkyl, alkenyl , alkynyl, aryl , amine, amide, 
alcohol or aoyl groups: c:,-C l0 ; C,-C i:< ; and C.-C.,, 
„„,.„Typica]ly t ..R' J .. R" and^R l ;;_ may be <^_0 inear glycol^ 
based groups. 

Typically, R\ H" and R' ' ' are any of the following 
is sugar substl tuents : glucose, galactose, fructose and 

muramic acid. 

r', R" and R'" may be oligo polyoxa C, - C, alkylene 
units such as ethylene glycol oligomers. 

All of R', R" and R'" may be CH.OCHXH.OH or CH,CH,OH . 
•.„ The carbohydrate polymer starting material to which 

additional hydrophobic and hydrophilic groups are attached 

■■■ may have an average molec u lar weight, of about 2..to..30 ,kD . 

Preferably, the carbohydrate polymer starting material has 
a molecular weight oJ' about 5 to 17 kD. 
M Conveniently, the X group may be hydrophobic 



^afe— — ^m-r-^~- • ~r-9 

.Conveniently, the R,, K. and R ( groups £orm a. quaternary 
ammonium group which is hydrophilic. 

Hydrophilic groups are qroups, which are well hydrated 
by water and. associate .'on a molecular level with water. A 
5 further non-ionic hydrophilic group may . replace NR,R.,R„ 

providing R', ' R" and R"" , are equal . to CH : ,0-Y and Y is' a 
hydrophilic substituonr. . In that case both hydrophilic 
substituen.ts.cn the carbohydrate polymer may be selected 
from mono and oligo hydroxy C1-C6 alkyi, morto and oligo 
io hydroxy substituted . C2-C6 acyl, C1-C2 alkoxy alkyl 

optionally having one or more of the hydroxy groups 

substitute d on th e nLkoxy or alkyl ene groups, oligo or 

poly-(oxa C3-C2 alkylene), preferably polyethylene glycol 
comprising up to 120 ethylene oxide units (i.e. a molecular' 
,s ' weight of 5,000),' and C1-C4 alkyl (oligo or poly oxa C1-C3 
alkylene) optionally hydroxy substituted preferably oligo 
or polyglycerol er.hers; wherein tho replacement group for 
NR,R V R, is joined via -an ether linkage to a saccharide unit 
of the polysaccharide. The acyl group may contai n .alkyl, 
m alkenyl or alkynyl groups. 

; • • . -The R', - R" and R ".! groups may also. be.. hydrqphi lie. ... . 

- -' Typically, the ratio of m : n :p . may . have._the following.. 

range: 0.1:1:96. 9 to ' 9: 91 : OfT: ~5: 96 to 8:50:427 or 3:10:87 
to 5:19:76. 

2 5 • - The total- • number or monomer units of m+n+p may be 



about 10 to' 100. Preferably, the total number of monomer 
units of m+'n+p may be less than about 200. 

Typically, rhe muuber of X groups may not exceed 10 
for every 100 monomer groups in the carbohydrate backbone. 

The solubilising carbohydrate polymer may also contain 
additional targetting groups such as peptides, antibodies 
and other ligands, Lor. example, folate and transferring 
ligands which may allow the polymer to target endogenous 
receptors and thus targot ir.s drug payload to such 
endogenous receptors ac the site of pathology... 

According to a second aspect of the present invention 
there is provided method of forming a solubilising 
carbohydrate polymer according to the first aspect wherein 
the method comprises; 

depolymerising o carbohydrate polymer to form 
depolymerised carbohydrate; 

reacting the depolymerised carbohydrate with a first 
reactive compound to form hydrophobic side-groups on the 
carbohydrate backbone and thus form hydrophobically 
substituted depolymerised carbohydrate; and 

adding a second reactive compound to the 
h ydrophobica ll y sub stl fcuted de polymerised carb ohydr ate t o 
guaternarise an amine. group arid thereby form the 
solubilising carbohydrate polymer. 

The carbohydrate polymer may be selected from the 



following: glycol I . cHilosans, dextrans, alginic acids, 
' starches, dextran, quar gums and all other carbohydrate 
polymers . ;. 

The carbohydrate with" any " 

s of' the following:- r .m *c\\'d, a base, or enzyme. 

The acid used ro depoiymerise the carbohydrate polymer 
may be selected 'from any of the" following HCl , .1LS0 4 , .HNO, 

"or HF. ' . • . 

• The carbohydrate polymer may be ' depolymerised for a 
jo few- days, for.' example, 4B* hours, then ■ isolated and 

" " subjected to "iurther * depolymerisation— dependent . on • the 
average molecular weighty of so] ubilising carbohydrate 
polymer .required. 

The average molecular weight of carbohydrate polymer 
,s co be depolymerised is about 3 to 30 kD. and is preferably 

about 15 kD. 

The first reactive compound which forms the 
hydrophobic " side-groups on the depolymerised carbohydrate 
- polymer-may be -selected f rom any-of the. f.o 1-1 .owing.: ...any -t.ype„ 
& of fatty acid derivative of, tor example, stearic acid, 

oleic-'acid, pa-lmitic*- acid;- ..ongano "hal Adas "such . as ^alkyl, , 

.. al-k.enyl-7 — al-kyny-3-,— cyel tc — or n onr=axoma.ui.c...hali.des , ,_acyl — 

chlorides, an^drldesV'"^ "and "of Her 

activated acy.T. compounds capable of being attacked on r.he 
as CI carbon by a compound capable, of nucleophllic attack. By 



nucleophilic attack' is meant compounds which attack atoms 
with a low electron densir.yi The acyl groups may also 
contain an alkyl, . a 1 kenyl or alkynyl group. 

Preferably, ' the LirsL reactive compound which forms 
the hydrophobic side-y roups on the depolymerised glycol 
chitosan may be .selected form any of the following: 
hexadecyl bromide, dodecyl bromide/ myristic acid N- 
hydroxysuccinimide . 

Preferably, the ratty acid derivative may be palmitic 
acid N-hydroxysucc.inimide; . palmitic acid benzot riazole 
carbonate; pa Inula I dehyde; palmitoyl chlorido; and 

palmitic acid p-nir.ro phenyl _ ca f bona ^ e - 

The second reactive compound may be an organo halide 
wherein the organo may be selected from any linear or 
branch, substituted or unsubstituted, or cyclo form of any 
alkyl, alkenyl, alkynyl, aryl, amine, amide, alcohol or 
acyl group. 

Typically, the second reactive compound may be any 
linear or branched, substituted or unsubstituted, or cyclo 
form of tho following alkyl, alkenyl, alkynyl, aryl, amine, 
amide, alcohoLor ricyl groups: C,-C u ,;... c: ; -C, .; C,-C,,; or C,. 

Typically, the organo gro up of .the' organo hal i des may 
be short chain linear alkyl groups. 

The organo group of the organo halides may be CH,- 
The solubilising carbohydrate polymer obtained may be 
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purified by column chromatography, dialysis and . freeze 
drying.' 

According to ,\ i hird aspect of the' present invention 
there is provided a .'-drbohydrate poLymer according to the 
first aspect and a pharmaceuticaily acceptable carrier. 

Pharmaceutical ly acceptable carriers arc well known to 
those skilled- in the art and include, b'u.t are not- limited 
to, 0.1 M, or preferably 0.05 M, phosphate . buffer .or 6. 9%. 
saline. Additionally," such • pharmaceutical! y acceptable 
carriers may be aqueous or non-aqueous solutions, 
suspensions," and emulsions. - Examples of noh-aqueous. 
solvents are propylene glycol, polyethyleneglycol, 
vegetable oils such as olive oil, and injectable organic' 
esters such as ethyl oleate. Aqueous carriers include 
water, alcohoiio/aqueous solutions, emulsions or 
suspensions, ..including saline- and . buffered media. 
Parenteral vehicles Include sodium chloride solution, 
Ringer's dextrose, dextrose and sodium chloride, lactated 
-Ringer's or.f ixed..ol 1 s, . preservatives and other_ additives 
may also be present, such as, for example, anti-microbial, 
anri-oxidants, chelating dtjents, inert gases and the like. 
Typically, . ,_t.h.e. . rar.io__pf GAzj&lW***?-*.. .. PJth^rf.. 1° .. 
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pharmaceutical acceptab'l e'earrier ranges from 0 .05 wt . % to 
10 wt. - %. 

According to a tourth' aspect of the present invention 



there is provided o. pharmaceutical composition comprising 
a carbohydrate polymer according lo. a first aspect and a 

drug. ... 

The drug may .be poorly soluble ' in aqueous solvent's" 

such as water. 

The drug may be selected from' any of the following: 
prednisolone; cyclospori ne; ©estradiol, testosterone, drugs, 
with multicyel'ic ring structures which lack polar groups, 
such as paclitaxel and drugs such as etoposide. 

Typically, the ratio of carbohydrate polymer to the 
drug may be 10 Wf. '% :"' *000 w.t. %. 

T.XP^^yjL. r i he ^dt.U_ot_carbohydrate polymerjto drug 
to pharmaceutical^ acceptable carrier may be about 1 mg : 
1-5 tag : 1 g- 

The pharmaceutical composition may be in the form of 
any of the following: tablets, suppositories, liquid 
capsule, powder form, or a form suitable for pulmonary 
delivery. 

When tablets arc used for oral administration, 
typically used carriers include sucrose, lactose, mannitol, 
maltitol, dextran, corn starch, typical lubricants such as. 

magnesium stearate, -p reservativ es, such ...as paraben, ..sorbin, 

ant.i-oxidants " such as ascorbic acid, d-t'ocopheral, 
cysteine, disintegrators or binders. When administered 
orally as capsules, effective diluents include lactose and 



dry corn starch. A liquid for. oral use. Includes syrup, 
suspension, solution' and emulsion,, which may contain a 
typical inert, diluent, used in this field, such, as water, i.n 
addition, sweeteners or Llavours may be contained. . 

Suppositories .may be. prepared by admixing the 
compounds of the present invention" with a .suitable non- 
irritative excipient such as those that are solid at normal 
.temperature, but become liquid, at the temperature in the 
intestine and melt in the rectum to release the . active 
ingredient, such as cocoa butter and polyethyleneglycols . ■ 
The dose can be determined on .age, body weight, 
administration time, administration method, combination of 
drugs, the level or condition of which a patient is. 
undergoing therapy and other factors. While the daily 
doses may vary depending on the conditions and body, weight 
of patients, the species or active .ingredient, and 
administration rour.e, in the case of oral use, the daily 
doses may be about 0.1-2 mg/person/day, preferably 0 . 5-100 
mq/person/day. ..... 

According to a tifr.h aspect of the present -invention 
• there is provided a method of dissolving poorly soluble 
■ drugs in -a carbohydrate, polymer, wherein .the , sol ubi l is ing 
carbohydrate polymer has u specifically designed ' average 
molecular weight, and specific type and amount of 
hydrophilic and hydrophobic side-groups substituted on a 



carbohydrate polymeric backbone whereby on dissolving a 
poorly . soluble drug in the solubilisinq carbohydrate 
polymer a substantially clear solution is obtained. 

By substantially optically clear solution herein is 
meant an optical ly cloar solution which is devoid of 
appreciable light scattering and is clear to the naked eye. 

By poorly soluble' drugs is meant where one gram of a 
drug requires more fhan 10,000 ml of solvent (water) to be 
solublised. Alternatively, this means a drug which has a 
solubility of less Lhan 0.1 mg mL" 1 in water. 

Typically, the solubilising carbohydrate polymer .is . 
selected from any derivatives of the following: chitosans,- 
dextrans, alginic acids, starches, dextran, guar gums and 
all other carbohydrate polymers. 

In particular, the carbohydrate polymer according to 
the first aspect may be used. 

The poorly soluble drug may be selected from any of 
the following: cyclosporin, steroids such as prednisolone, 
oestradiol, testoal erone, drugs with multicyclic ring 
structures which lack polar groups such as paclitaxel and 
drugs such as etopos.i de. 

ftRIEF DESCRIPTION OF THE D RAWINGS 

Embodiments or rhe present invention will now be 
described, by way ot example only, with reference to the 



accompanying drawings in which: 

Figure la is <\ representation of quaternary ammonium 
palmitoyl glycoV chitosan (GCPQ) ; 

Fiqure lb is a" representation . of quaternary ammonium 
hexadecyl glycol chitosan (GCHQ); 

Figure 2a is a representation of the haemolytic 
activity' of GCPQ prepared from giyc.oi * chitosan which has 
been subjected to an initial 48 hours acid degradation and 
a further 8 hours acid degradation, followed by acylation • 
with palmitic acid N-hydroxysuccinimide and alkylation with 
methyl iodide (i . e. CJCPQ488).; ' 

Figure 2b is <* representation of the haemolytic 
activity of GCPQ48H ,md • cyclosporino in a 1:1 ratio; 

Figure 2c is <.i representation of the haemolytic 
activity of GCHQ prepared from glycol chitosan which has 
been subjected to *n initial 40 hours acid degradation and 
a further 8 hours degradation, followed by alkylation with 
hexadecyl bromide and alkylation with methyl iodide (i.e. 

-GCHQ488); ». - ■- — 

Figure 2d is a representation of the haemolytic 
■activity of GCHQ488. and prednisolone in. a 1:5 ratio; 

- -Figure -3a is -a .representation of the. cyct_otoxicity_ to _ 

A549 cell lines after incubation with GCPQ488; 

Figure 3b is a representation of the cytotoxicity to 
• A549 cell, line* alter incubation with GCPQ488 and 



cyclosporins; 

Figure 3c is a representation o£ the cyctotoxicity to 
A54.9.-cell lines after -1 ncubation wiLh GCHQ488; . 

Figure '3d is a representation of the cytotoxicity to 
A549 cell .lines .ifr.er incubation with GCHQ488 and 
prednisolone in a I : '■> ratio; ...... 

Figure 3e is a representation of the 'cyctotoxicity to 
A431 cell lines after incubation ..with GCPQ488 and 
cyclospofine; 

Figure 3f is a representation of the cyctotoxicity to 
A431 cell lines after incubation with GCHQ488; and 

Figure 3g is a representation of the cyctotoxicity to 
A431 cell lines alter incubation with c;CHQ488 and 
prednisolone in a L:!i ratio. 

EXAMPLES 
Materials 

Glycol chitosan, palmitic acid N-hydrpxysuccinimde, 
methyl iodide, 1-bromohexadecane', pyrene" and pacJit axel 
were all obtained from iiigma Aldrich.Cq, UK, Prednisolone 
acetate, prednisolone «nd cyclosporine were all obtained 
from Allergan,. USA. Hydrochloric acid was obtained from 
— -Merck, UK- and all-organic .solvents .were ..purchased f rpm_ t he 
Department of Purc'and Applied Chemistry, University of 
Strathclyde. 



METHODS 

Degradation o£ alvaol chi tosan (GO 

Acid degradation of glycol 'ohitosan (GO was carried 
out as previously described' 1 '. Glycol chitosan (2g) was 
. dissolved in hydrochloric acid (4 M, 150 mT.) and the 

solution ' filtered i <> " remove ' insoluble impurities. " The 
filtered solution was placed in a pre-heated water bath set 
at 50"C. After 48h . t.he reaction was stopped and the 
products isolated and puritied as described below. The 

io reaction solution- wa.-s exhaustively dialysed (Visking. 

Seamless Ce] lu.loso ' Tubing, molecular weight cut ott = 
12,400 for cytochrome c) against distilled water (5 L with 
6 changes over 24h) . The. dialysate at the end of the 
dialysis procedure had a neutral pH. The dialysate was 

ib subseguently f reeze-dried and the material was recovered as 

cream coloured eor.ton wool like material. The acid, 
degradation step was "repeated for ei'the'r"'4h, "8h, "2"4h "or "48h 
to give materials, which, were further depolymeri sed. 

Synthesis of low molecular weig ht palmitovl glycol chitosan 
■ ■ -.;:».. (PGC) _ : 

Palmitoyl glycol "chitosan (PGC) was synthesised- as 
previously described" 1 . Glycol chitosan (SOOmg) , sodium 
. bicarbonate (37 6mg) in n mixture of absolute eL'hanol (24mL)' 



" " and water (7 6mL) w<*» reacted winh ' palmitic acid ] N- 

hydroxysuccinimide (lOftmg) in absolute ethanol -(150x61.). 
Palmitic acid N-hydroxysuccinimide solution was added drop- 
wise. The product was Isolated after stirring for 72h by 
evaporating oft most of I he ethanol, extraction of the 
remaining liquid with three volumes of diethyl ether 
(lOOmL) , exhaustive dialysis against water and freeze dried 
to give a white cot ion wool like solid. 

g ynthasifi o± low molecular weight hexadecvl glycol chitosan 
j i) fGCH) 

Hexadecyl glycol chitosan (GCI1) was synthesised based 
on a modification of the method of Wakita and Hashimoto"'. 
Glycol chitosan (SOOrng) was dissolved in a V 1 mixture of 
methanol and N-methyl pyrrolidinone (20mL) and to this was 
15 added drop wise a solution of sodium bicarbonate (376mg) 

dissolved in absolute ethano) (20mL) . 1-bromhexadecane 
(3.5mL) was freshly dissolved in a mixture of methanol, N- 
methyl pyrrolidinone, absolute ethanol (SmL: 5mL: lOmL) and 
this solution was added to the basic glycol chitosan 
20 solution drop wise over a lh time period. The resulting 

reaction mixture was rot luxed at 70-85°C in an oil bathwith 
stirring over a period of A hours and then filtered and -the 
filtrate retained. The ethanol was then evaporated off 
under reduced pressure <it 50"C and the residue produced 



dissolved in distilled water (30mL) : . This solution was 
then dialysed againsl !iT, of water with 6 changes over. 24 
hours and freeze dried to givean'off white • solid'. 

Synthesis of low molecular weight quaternary ammonium 
palmitoyl glycol chitosan (GCPO) and low molecula r weight: 
quaternary ammonium h ^xadecyl glycol chitosan (GCHO) 

Quaterniaatiorv was carried our. using essentially the 
same method as reported by Domard and others" 1 . PGC .or GCH 
(300 mg) was dispersed in . N -methyl-2-pYrrolidone (25 ml) 
overnight ■ for 12 h at room temperature. Sodium hydroxide 
(40 mg) , merhy] iodide (1.0 g) and sodium iodide' (45 mg) 
were added and the reaction stirred under a. stream of 
nitrogen at 36-C for 3.h\ The quaternary ammonium .product 
was recovered by precipitation with diethyl ether/ filtered 
and washed with copious* amounts of absolute ethanol 
followed by copious amounts of diethyl ether to give a 
brown hygroscopic *oLid: The solid was dissolved in water 
(100 ml) to give a yellow viscous solution. The resultant 
aqueous solution was exhaustively dialysed against • water 
(5L) with six changes over a. 24 h _period and the product 
.tr.eeze-dried to give, a _ white, cotton^like solid which was 
present as the' iodide salt- The quaternary ammonium iodide 
was then - dissolved in . water (150 ml) . to give a clear 
solution and. the solution passed through a 'column (1x6 



10 



1 s 



20 



cm) packed with Amborlite IRA-93 01". Before use the column 
was packed with resin and .subsequently with one volume of 
the resin (30 ml) and subsequently washed with hydrochloric 
acid solution (90 ml, I M) followed by distilled water (500 
m.l) to give a neutral .pH. The clear eluate from the column 
was freeze-dr.ied r.o give GCPQ as a transparent fibrous 
solid. 

J H NMR scans (with integration) and r H correlation 
spectroscopy experiments were performed on GCPQ and GCHQ . 
samples solubilised in deuterated methanol and the level of 
palmitoylation and quaternisation determined by integrating 
the palmitoyl methyl, alkyl methyl or quaternary ammonium 
methyl peaks relative lo the sugar peaks". The mole% 
palmitoylation, alkylalion or quaternisation refers to the 
number of moles of sugar monomers bearing a palmitoyl, 
alkyl or quaternary ammonium group per 100 moles of sugar 
monomers respectively. 

MKT Detetmination 

The molecular weight ol. degraded glycol chitosan (GO 



was determined by ~"G PC -MALLS '(i.e: gel permeation 
chromatography - mulr.i angle laser light scattering). 
Polvmers were dissolved in an acetate buffer (sodium 



acetate 0.3M, ! acetic add 0.2MJ and JLilLered (0-.2jim) 
samples (200)iL, 1 t 2mq ml/ 1 ) injected onto GPC columns 
using a" Waters .717 plus • Autosampler. Samples were 
chromatographed over a. PSS HhlMA-BIO 300 : (330 X - 8mm, 
particle size « 10 y\m, exclusion limit .for dextran = 5 x 
10'') and a PSS HEMA-DIO 40 (330 X 8mm, particle size V 10 
jam, exclusion limit., for dextran - 3 k 10") column ..(Polymer 
Standards Services, Mainz, Germany), , The mobile phase was 
an acetate buffer (.sodium acetate 0.3M, acetic acid 0.2M) 
and molecular weights were .determined using a DAWN EOS 
MALLS detector (18 angles at "20 - 150" -Wyatt Technology, 

USA) equipped with d 30 my lin early polarized gallium 

arsenide laser ( A« 690 nm). and an Opt.ilab DSP 
interferometric ref ractomeler (A= 690 nm, Wyatt Technology, 
USA) . All the measurements were carried out at room 
temperature- Molecular. weights, molecular weight 
distribution and molecular size in solution were obtained 
from GPC graphs using Astra for Windows (v4.73) software. 

The refractive index increment (dn/dc)- of c;c in the 
mobile phase was measured with an ' Optilab DSP 
interferometric re 1 Tactometer (A = 690nm, Wyatt .Technology,- 

' t)SA r ) 'a t ; 2 5°C,' • A Rheodv he- 7725 sample-- -injector-was used-to • - 

load filtered (0.45 \im) polymer solutions of various 
concentrations* and che data were processed using DNDC for . 
Windows (v5,31)- ;sottware. • ... 



Fluorescence Spectroscopy 

A dilute aqueous solution ot pyrene (2pM) was prepared 
by initially dissolving "pyrene in ethanol (0 . 4mg/mL) . 
lOOpl of this/solution was pipetted into a volumetric flask 
(lOOmL) and' the 'ethunol dried under a stream of nitrogen 
gas. The solution was r.hen made .up in distilled water . 
Using the aqueous pyrene solution as the solvent, polymer 
solutions were . made ' cjC various concentrations. The 
fluorescence emission spectra were recorded (34 0nm - 600nm) 
at an excitation wavelength of 335nm. The I J I, ratio was 
calculated from the intensity of the third' (383nm> and 
first (375nm) vibronic peaks in uhe pyrene emission 
spectra''" and an increase in the size of the T, peak relative 
Co the I, peak indicdLes a more hydrophobic environment * z . 
In polar solvents such as water this value is approximately 
0.67. 

.golnbiliaation S tudies 

Various levels ot r.he . GCPQ and GCHQ samples were 
dissolved in water and a weighed amount of drug added with 
probe sonicat ion (MSG . Soniprep 150, Sanyo, UK with the 
instrument set at 60 - 85% of its maximum output) for about 



5 minutes' or until a clear solution is obtained- The 
presence of a clear ablution was verified by optical 
density measurements (X " 600nm, UV1 Spectrophotometer, 



ThermoUnicam, UK) . The samples were scored at 

refrigeration (4 - ?*"<:) or room (22"C) temperature. At 
various time intervals liquid samples were filtered 
(0.45vim, 25mm in diameter) . and the first, miliilitre 
. s • discarded. The subsequent filtrate" was retained and 
analysed for dissolved drug using HPLC. 

Assay fax Pzrednl s alone 

Prednisolone levels .were analysed -in. f 11 tered samples 
of the polymer - druq formulation by HPLC. Samples (20p.L), 
10 appropriately diluted wich the mobile phase (acetonitrile, 

water 36: 64) we re in jeered onto a reverse phase Symmetry 

C18, 3. 5\xm column (4 • 6imu X 75mm, Waters Instruments, UK) by 
means of a Waters 717 autosampler and a Waters 515 
ispcratic pump. Peak detection was via a Waters 486 
i'b variable wavelength UV detector with the wavelength set at 

243nm and data was collected using a Waters 74 6 data 
module- The mobile phase was set at a flow rate of 1ml min" 
A standard curve was prepared • with -samples - of 
.prednisolone solubilised in the mobile phase (0.1 - 1 . Omg 
2t>. . • Ml" 1 ) • 



Assay Fax Cvalosx>or±ne 

Cyclosporine was analysed by HPLC on the same 
instrumentation as.-* hove except; that the - column .was\._a._„ 



Waters Spherisorb bum, 4.6mm X 250mm column, maintained at 
80°C with a Jones Chromatography Column Heater model 7971. 
Filtered Samples (20uD dissolved in acetonitrile, water 
(1:1) were injected onto the column and the mobile phase 
was acetonitrile: water: tert-butyl-methyl-ether : 
phosphoric acid (600:350:50:1) a I a flow rate of 1 . 2mL min" 
i. peaks were detected by UV detection at a wavelength of 
2l0nm. A standard curve was prepared using solutions of 
the drug (1 - 10U9 mL 1 ) . 

Haemocompatihilty Studies 

Approximately 5ml of human blood was cen'trif uged 
(1000g x 10 min)/ the supernatant removed and the 
erythrocyte pellet recovered. The pellet was washed twice 
by resuspending in PBS (pit 7.4, 4°C) and centrifugi ng (lOOOg 
x 10 min). The pellet was then weighed and a 3% w/w 
dispersion of the erythrocytes was prepared in PBS (pH 
7.4).' lOOpL of this erythrocyte suspension was placed into 
each well of a 96 well plate. To this erythrocyte - 
suspension was added lOOuL of varying concentrations of the 
sample . formulations. .Sample formulations were either 
pr^P^^H in phosphate buffered saline (PBS, ptl = 7.4) o r- 
water. PBS (pH = 7. 4). and Triton X-100 (l'i w/v) served as 
negative and positive controls respectively. The plate 
was incubated at 37"C tor 4h after which the plate was 



centrifuged (lOOOy. x lOmin) and lOOpT, of the supernatant 
removed and placed in a new microtitre plate. The 
absorbance was measured at. 570nm and the results expressed 
.as percentage haemolysis assuming Triton X-100 gave 100% 
s . haemolysis and PBS (pli "1 . 4 ) gave 0%' haemolysis . 

Cytotoxicity Studies 

• A human lung carcinoma cell line . (Ai>49, ATCC CCL - 
18 : 5) and a human epidermoid carcinoma cell line (A431/ ATCC 
' CRL' - 1555) were both " maintained in Dulbecco ! s minimum 
L0 essential medium (DMEM) supplemented with' 10'i foetal .calf 

serum (FCS) and 2mM glutamlne (GibcoBRL/ IKK) at 10% CO-, and 
37 tt C. 

To measure the cytotoxicity of . the formulations, , a 
standard MTT (3-14, b-dimethylthiazol-2-y 1 ) 2 , 5- 
L5" diphenyltetxazolium bromide thiazolyl blue indicator dye), 
assay was carried out* 1 . 96 well microtitre plates,- 1 per 
formulation, were seeded with about 800 cells par well and 

- incubated at- 37 W C with 104 CO , for 72 -hours . . .The medium .was 

then, removed from the wells. arid varying concentrations of 
-an \ . . each formulation (200viL, ; prepared in . 6V, dextrose ...and ... .. 

diluted -in medium) -were added -to -the -wells OMSM a lone^an d 

Triton X-100 (1V.w/v) wore used as positive and negative' 
controls respectively. The plates were .incubated under the 
• standard conditions tor A hours and the. drug solutions then 



removed from" the wells; replaced with DMEM and the cells 
further incubated for 72 hours: The indicator dye (50uL, . 
SOmg mL"') was then added to the cells, which ..were 
"subsequently Incubated in the dark for a "further 4 hours. 
At the end of the incubation time, . the dye was removed and 
the cells .1 ysed by addition of dimethylsulf oxide (200viL) - 
To the lysed cells was 1 hen added Sorehsen's glycine buffer. 
(25pD and the absorbance measured at b70nm. Values are 
expressed as a . percentage ot Che control minus the 
background. obtained from the wells containing just' DMEM; ■ 
• .The -structures ol GCPQ and GCHQ are shown in .Figures 
la and lb, respectively. GCPQ and GCHQ were recovered as 
white fibrous solids. With the" glycol chitosan starting 
material as has been reported previously 1 '', an increase in 
the acid degradation rime led to an increase in the degree 
of depolymerisation (Table 1), however after Lhe initial 
48h there is a slowing down in the level of 
depolymerisation (Table 1) . 




Table. 1: Molecular Weights of Glycol Chitosan Samples 



POLYMER. . 


Acid 


Molecular • 


^oxyuispersiLy' 


. •-. • '. 


Degradation . 


Wei ght. (kD) 


Mw/Mn 




Time 






GCO 


Oh 


J. U 1. 




GC43 


48h 


.19^3 


1.20 


GC484 


48h • b 4h -" 


17.9 


1.23 . 


GC488 


48h + 8h 


17.2 


1.28 


GC4824 


48h i 24h' ' 






_GC4.8.48.._ 


48h t 4flh 


15.2 


1.08 



The lipidic and quaternary ammonium derivatives of 
these glycol chitosan polymers are able to solubilise 
hydrophobic drug* tfnoh as prednisolone and cyclospori ne in 
aqueous, media as shown iq.„TaJpJLe_ 2 ; _ . ^ 



All solutions wore clear transparent ' liquids with 
optical .density readings of ■ less than 0. 00.1- against 
distilled water which had an optical density oi 0.000. 

Solutions remained optically clear on dilution ten 
s times with water. These solutions are in -.contrast to the 

chitosan - pa'clitaxel colloids reported by Miwa and. others 11 
where liquids with ."turbidity" were ■ obtained and- the 
hydrophobic drug was added to the polymer formulation in 
the presence of 10V»v/v o£ . ethanol, ,with the ■ removal of 

10 ethanol being attempted bur. not* confirmed. . 

l H NMR was used to quantify the level of quaternisation, 
acylatTon" ahci a ITcyVafTion^anci a vaTue'f bf"€He - hydi^pRriIci"ty" 
index (HI) is quoted in Table 2. The Hi (derived from, the' 
l H NMR data) is n term used here to . characterise the 

is hydrophilicity of Lhe polymers and this value quantifies 

the relationship between additional, ionic, hydrophilic 
- - substituents .and hydrophobic -substituents- .added to-, -a 
previously aqueous soJuble .polymer or aqueous soluble 
polymer derivative: Aqueous soluble polymers are described 

20 as "polymers soluble in water at a level of above Img mL" , u . 

These "carbohydrate .polymers may be additionally substituted 

~ .with non-ionic hydropFTTTT c u FT£ cs as is shown here." 

The "data Vri Table 'i shown below, shows that the 
polymers aggregate in aqueous .media .to., produce .hydrophobic . 

25 domains as evidenced by the increase, in the T./.I, ratio. 



TABLE 3: T3/11 data for GCPQ and GCHQ Polymers 



Polymer 
Concentxation 


i.vn 






GC.PQ<lfi<lBU 




GCfIO<l82QD 


0 


0 . 67 


O.d/ 


0.67 


0.67 


0.b7 


0.25 






0.91 






0.5 


0.67 


0.U2 


0.UB 


o;ao 


0.8»J 


1- 


0 . 97 


0.8>3 


1.02. ' 


0.86 


] .02 


3 .s 


1.02 






0.91 . 


l'.lB 


2.0 


1.2U 


(l.Ud 


0.U2 


1 


1.25 



[B merely means a different batch of polymer] 
These hydrophobic domains provide areas for the 
solubilisation of hydrophobic solutes, while the hydrophilic 
"substlWehTs~ rfjcf ealTe T.he-af f inityof-the polymer- with "the— 
aqueous solvent and prevent phase separation. 

As shown in Table 3 the hydrophobicity of the polymer 
aggregates when present aU a polymer concentration of lmg 
mL"' 1 (as determined using a pyrene probe) followed the trend 
■GCHQ4824 = GCPQ4848 > CXA>Q488 . > GCHQ488 = GCPQ4824. This 
hydrophobicity ranking obtained by the use ot the pyrene 
probe is similar to r.he hydrophobicity ranking obtained 
using the HI: GCPQ4848 = 1.58, GCPQ488 = 3.33, GCHQ488tyl 
(i.e. different batch of polymer) = 4.22 and GCPQ4824 = 
4,44. — (Ta ble 2~)~ RcIaTt^WLl-y - thir^^ 

solubilised in the case ot the more polar drug prednisolone 
is solubilised by GCHQ488 . (Tables 2&4 ), . one of the more 
polar polysoaps ■ (Table 2) . 



TABLE 4: Prednisolone Stability- Studies " 



Polymer 


Polymer 
Concfincration 
(mg ml*" 1 ). 


Age of 
Formula ti 
on 


Storage 
Conditions 


Original 

Prednisolone 
Concentrations 
(mg' ml» i > 


Predni&oldn 
o 

Detected 
(mg ml/*)' 


GCPQ488 


1 


i£ ■ weeks 


■RT 


1.0 


0V2 


GCPQ48B 


1 


15 weeks 


4°C 


0.75 


0.2 


GCHQ4B8 


1 


12 weeks 


RT 


S . 0 


4.5 


GCHQ4B8A* 


a 


2 weeks 


4°C 


2.5 . 


2.4 


GCHQ4B8A* 


i 


10 weeks - 


4°C 


2.5 • 


2.4" 


GCHQ48SA* 


i 


' 2 weeks 


4°C 


5.0 ... 


4.4 • ' 


GCHQ4B8A* 


l 


10 vrodikS 


4°C 


5,0 . ! 


4,3 ■' 



* « different batch of GCHQ488 ' . 

Also the least polar polysoaps (with the . iowest . HI 
value) and the* .highest molecular weight . i.e. - GCPQ484 and 
GCHQ484 arc insoluble in water at a level of Img mL" 1 
(Tables 1 and .2) . 

Relatively hiqh levels of hydrophobicity also hamper 
(albeit to a lesser, extent) the sol ubil i sat ion of 
cyclosporine, as evidenced by the rather low maximum levels 
of cyclosporine solubilised by GCPQ4848 and GCHQ4824. This 
is shown in Table 5 below. * 



TABLE 5: Cyc] osportne' stability Studies 



lymar 


Polyznar 
Concotrationa 


Age or 

to rmu 1 a ti on 


Storage 
Conaicions 


Initial Level 

.or 

Cyclosporine 
(ing ml*' 1 ) 


Cyclosporine 

UKM WO*-, bITUk 

<mg mil"*) 


GCPQ488 


1 


1 day 


4°C 


1 


0.95 


GCFQ488 


1 


• 3 cUty££ 


<t°C 


1 


0.92 


GCPQ488 


1 


X week 


4°C 


1 


i.io 


GCEQ48B 


1 


2 weeks 


4°C 


X 


1.10 


GCP0468 


1 


4 wooks 


4°a 


1' 


0.90 


GCP0488 


1 


8 weeks 


4°C 


1 


0.80 


6CPQ488 


1 


12 weeks 


4»C 


1 


0.70 




1 


15 weeks 


4°C 


1 


.0.80 


GGPQ488 


1 


22 weeks 


4°C 


1 


0.70 



The solubilisinq polymer must thus be depblymerised as ■ 
we31 as substituted with a controlled number of hydrophobic 
and hydrophiiic moieties. Within the molecular weight 
range (10 - 20kr» , HI (when calculated from the 'H NMR) 
values of above about 2 appear to be the most efficient 
polymers in the case of the more polar palmitoyl 
substituent and HI values above about 3 appear to be the 
most efficient solubilisers in the case of the less polar 
hexadecyl subsr.ituents (Table 2) . Clearly in the. case . of. 
' prednisolone and cyclosporine, a high level of- 
quaternisation and low level of hydrophobic modification 

favours solub i. lisar.ion wit h these polymers (Tables..! t.. .. 

4) . 

With the N-lauroyl fc-oarboxymethyl chitosan polymers 
prepared previously 1 '-, u shift, to a higher level, of the 



carboxymethyl groups , and a lower level of l'auroyl groups 
resulted in a decreased association of paclitaxel with the ' 
ohitosan based colloid. In the present invention, the 
ability of the polymer molecule to be fully hydrated by • 
water molecules; (presence of ionic quaternary' ammonium' 
groups) plays a more important role than the -ability of the 
polymer to aggregate into polymeric micelles (presence of 
hydrophobic groups) and provide a hydrophobic cavity within 
which hydrophobic solutes may be shielded. 

The solubiliiiing polymer should be prepared . from an 
aqueous soluble and depolymerised carbohydrate and r.he most 
..ejrf ective polymers ha ve <^_d§gree _of polymerisation of less 
than 200 monomer units. The solubiiising polymer may 
further have a ]evel of hydrophobic substitution not 
exceeding 10 substituents per every 100 monomers and 
finally an additional ionic hydrophilic substitution^, level ■ ■ 
of equal co or more than 1 subsr.it.uent per polymer chain. 
There may be an optional additional hydrophilic substituent 

-of at least 1 hydrophilic substituent per polymer- chain. 

Previous .work with N-laufoyl 6-carboxymethyl chitosan has 
shown that •-. there is no increase in the association • of. 

-pac litax-el" with the c h itosan 'ba sed colloid on reduc ing th e 

degree of polymerisation from a molecular weight of 50kD to 
2kD ,! . However/ it is shown herewith that even small 
changes in molecular weight affect the solubiiising 



•properties of the polymers as evidenced by the data 
presented on GCPQ484 and GCPQ4848 (Table 2) , 

Finally, in the work described using N-lauroyl 6- 
carboxymethylchitosan, polymers encapsulating paclitaxel 

«v had a level of hydrophobic substitution exceeding 20 

. substituents per 100 monomers and a minimum level of 140 
carboxymethyl groups per 100 monomers' 1 / Tn contrast the 
present invention relates to a maximum level of 10 
hydrophobic substituents per 100 monomer units, . 

io The solubilislny polymer of the present invention may 

contain additional targeting groups such as" ' peptides , 
antibodies and other ligands e.g. folate and ^transferrin 
ligands which will allow the polymer to target endogenous 
receptors and thus target its drug payload to such 

i5 endogenous receptors at the site of pathology. 

With the HPLC assays used the retention ' time of 
prednisolone was 2.7min and the standard curve had a 
correlation coefficient oi .0.998 while the retention time 
for cyclosporine was 13.7min and the standard curve had a 

vn correlation coefficient of 0.98. Solubilised material was. 

stable for up to 12 weeks with chitpsan based polymer 

formulations retaining up to 90% of solubilised drug for 

this length of time (Tables 4 and b) . 

The solubilising polymers presented herein are 

z$ biocompatible. Solutions of r.hc GCPQ488 and GCPQ488, 



-* cyclosporine sampler in water resulted in a maximum 40% 
cell lysis, while formulations within isotonic PBS (pH .« 
■7.4) gave about 107. .cell lysis up to a polymer 
.concentration o£ lmg mL 1 (Figure 2). The hypotonic water 
u' m environment is thus responsible for the observed cell 
.lysis. While the inclusion of up to lmg mlT* cyclosporine 
within polymer lormulai ions appeared to protect 'the cells 
from lysis' (especially in the presence of ■ water as the 
solvent) , the inclusion of 5mg mL" 1 prednisolone increased 
.'io . the level of lysis observed with the polymers (Figure 2) J 
It is concluded that these glycol chitosan polysoaps show 
no appreciable levels of haemolysis to cells'. However/ 
. what should be noted hero is the observation of drug 
activity in the presence of the polysoaps. 
i«, Be]ow a level oi O.lmg mL" ; none of the glycol chitosan 

based polysoaps are particularly cytotoxic in both the A431 
and the A549 cell lines (Figure 3). However the addition 
of either prednisolone or cyclosporine does cause the 
appearance of some cytotoxicity . although none of ihe. 
vo formulations resulted in the observation of less than 50% 

• cell.- survival below a .polymer concentration. .of.. 0 . Olmg mlf 1 — 

- It .may be .concluded .. that the .glycol chitosan. polysoaps .are 

not particularly cytotoxic polyniers' arid any' toxicity seen" 
with the drug formulations is largely due to the addition 
.25 . of drug and n.ot due to the toxicity of the polymer per se. 




Once again whar. should be'noted here is the observation of 



drug activity in the presence of the polysbaps. 



! 
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Figure 2 - Haemolytic activity of a) GCPQ488, b) GCPQ488, cyclosporin© (1:1), cj 
GCHQ488#4 and d) GCHQ488#4, prednisolone (1: 5), (♦) = samples prepared in PBS 
(pH = 7.4), (■) = samples prepared in water. 
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Figure 3 - Cytotoxicity to A549 (a - d) and A431 (e - cell lines after incubation with 

GCPQ488 (a), GCPQ488 and cyclosporine (b and e), GCHQ488 (c and f) and GCHQ488, 

prednisolone (1: 5) 
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